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1. INTRODUCTION

ABSTRACT

The construction industry is generally faced with so many challenges of which deterioration
in concrete structures caused by Alkali-silica reaction (ASR) is one of the pressing challeng-
es. This reaction induces expansion in concrete, resulting in its eventual cracking and subse-
quent failure. Research direction is being geared towards obtaining properties of pozzolanic
concrete of recently discovered different biogenic pozzolans such as bamboo leaf ash (BLA).
BLA has been proven to be acceptable in terms of compressive strength and some other
properties but few researches have been performed on the impacts of ASR on BLA concrete
structures. This research work focuses on investigating the properties of BLA through X-ray
diffraction and fluorescence analyses, and its effectiveness in resisting or eliminating ASR
that may be present in concrete. Tests were performed on concrete bars soaked in NaOH at
a temperature of 80 °C to determine the possible reactivity of aggregates to ASR. In addition,
workability and the compressive strengths of BLA concrete at different percentage levels
were determined after curing for 7, 28 and 56 days. The findings of the research show that
BLA improves the workability of fresh concrete, however, it causes a decline in the compres-
sive strength of concrete when compared with the strength of conventional concrete. Also,
BLA has no detrimental effect on the linear expansion of concrete. This study recommends
that a 5% partial replacement of cement with BLA will give effective performance when used
in areas where strength is not the major priority.

Cite this article as: Ikumapayi, CM., & Jegede, OA. (2023). Effects of bamboo leaf ash on
alkali-silica reaction in concrete. J Sustain Const Mater Technol, 8(2), 78-88.

Also referred to as concrete cancer, ASR occurs in concrete
structures as a result of the availability of alkalis in concrete's

Durability, high fire resistance, low cost, and low main-
tenance associated with concrete have contributed im-
mensely to its wide acceptability worldwide [1]. However,
concrete deterioration can occur when concrete is exposed
to aggressive environmental conditions [2]. Alkali-silica re-
action is one of the main causes of concrete deterioration
due to its detrimental influence on the durability of concrete
structures [3]. For instance, the deleterious features of the
ASR in concrete are cracking, expansion and misalignment
of structural elements, and spalling of concrete’s surface [4].

*Corresponding author.
*E-mail address: oluwaseunjegede87@gmail.com

pore solution, calcium hydroxide in a free state, high PH, re-
active silica (amorphous) in aggregates and sufficient mois-
ture to drive the reaction [5]. At high PH, the hydroxyl ions
of sodium and potassium alkalis existing in concrete’s pore
solution react with and cause the reactive amorphous silica in
aggregates to dissolve [6]. This dissolved silica reacts with free
calcium (Ca®") ions from calcium hydroxide (obtained from
the hydration process between cement and water) to form a
gel-like material around the aggregates and within the con-
crete pores [7, 8]. Figure 1 shows a schematic diagram of the
mechanisms involved in the Alkali-silica reaction in concrete.
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Figure 1. Diagram showing Alkali-silica reaction mechanism in concrete. Source: [10].

This gel, referred to as Alkali-silica gel, is rich in silica,
alkalis and other ions. In addition, ASR gel is hygroscopic.
Expansion occurs when this gel absorbs water and enlarges
in size, then it exerts pressure in the concrete; when this
pressure exceeds the tensile capacity of concrete, cracking
occurs. The development of cracks in the concrete increas-
es the inflow of moisture, causing an iterative process that
exposes the concrete to more expansion. This ultimately
causes spalling and strength loss in concrete [6, 9, 8]. If this
reaction is not checked, it can further lead to the corrosion
of reinforced steel and sulphate attacks [4] thereby reducing
the serviceable life of the concrete [7].

ASR occurs in concrete in two major stages:

First stage:

Reactive silica+alkali+moisture->ASR gel

$i0,+2KOH+H,0-K Si0,.2H,0

(2KOH can be replaced by 2NaOH)

Second stage:

ASR gel+moisture>Expansion

A lot of strategies have been put in place to lessen the
development of ASR in concrete. Among such strategies in-
clude limiting concrete's alkali content using low alkali ce-
ment, applying chemical admixtures such as lithium com-
pounds, using non-reactive aggregates and incorporating

pozzolanic materials in concrete [11, 12]. This study, how-
ever, focuses on the use of pozzolans in curtailing ASR in
concrete. This is because pozzolanic materials improve the
concrete’s resistance to ASR by reducing calcium hydroxide
(Ca(OH),) and the spreading of ions in concrete [13].

Pozzolanic materials are artificially or naturally-occur-
ring materials that contain reactive amorphous aluminosili-
ceous and siliceous materials [14]. They have the characteris-
tics of reacting with alkali in the presence of moisture and in
a fine form to form cementing compounds [15]. Silica, pres-
ent in pozzolans reacts with calcium hydroxide, Ca(OH),
found in concrete’s pore solution to form calcium silicate
hydrate and other cementing compounds [16-18]. The pro-
duction of calcium silicate hydrate in concrete is effective in
binding alkalies and thus mitigating ASR in concrete.

The chemical representation of the pozzolanic reaction
is given below:

3Ca(OH),+28i0,=3Ca0.28i0,3H,0

3Ca(OH),+AL0O,+3H,0=3Ca0.A1,0,.6H,0

Other properties discovered in the use of pozzolans
are lower permeability and higher strength [19]; influ-
ence on the rate of bleeding and segregation, the heat of
hydration and setting time, water demand and workabil-
ity of concrete [20].
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The reactivity of pozzolans, whether naturally obtained
or artificially obtained, depends largely on their degree of
fineness, the amorphousness of their structures and the
content of their aluminum, iron and silicon oxides. While
investigating the influence of fly ash on Alkali-silica reac-
tion, [21] clarified that the effectiveness of fly ash in inhib-
iting ASR majorly depends on the replacement level than
the degree of fineness. The study of [22] attributed the high
pozzolanic reactivity of artificial pozzolans such as fly ash,
metakaolin and silica fume to their high concentrations of
soluble reactive SiO,.

This finding was also similar to that of [23] when they
assessed the effect of four kinds of pozzolans - blast-furnace
slag, natural pozzolan, silica fume and siliceous coal fly ash
- on Alkali-silica reaction elimination in concrete. Based
on their findings, the mortars containing cement-pozzolan
blends exhibited lower open porosities when compared
with the control mortars. However, only coal fly ash and
silica fume were more effective in curbing Alkali-silica
reaction in concrete while blast-furnace slag and natural
pozzolan require higher replacement level of at least 30%
to effectively curb Alkali-silica expansion. The study of [24]
clarified the higher efficiency of silica fume in mitigating
Alkali-silica reaction over fly ash. They attributed silica
fume’s effectiveness to its porous surface which causes it to
absorb more alkalis than fly ash. Concrete is more durable
and resistant to Alkali-silica reaction when the replacement
level of silica fume is within 7 to 10% [23-25].

The research findings of [26] proved that metakaolin
significantly decreased the concentration of calcium hy-
droxide present in mortars. Due to its low calcium content,
it reduces the calcium-to-silicon ratio, thereby increasing
concrete’s resistance to Alkali-silica reaction [27]. Further
studies by [28] opined that the 20% of metakaolin present
in concrete can effectively reduce about 89% of the expan-
sion caused by Alkali-silica reaction. Metakaolin also im-
proves the compressive strength of mortar. The findings
of the research conducted by [29] revealed that there was
an increase in the compressive strength of mortar with an
increasing amount of metakaolin. However, the optimal
strength was obtained when the replacement level of me-
takaolin is within the range of 5 and 10%.

Although industrial by-products such as silica fume and
fly ash are often used as cementitious materials to replace
cement partially in concrete, however, due to the possible
decrease in their production in the future and limited avail-
ability in developing countries, researchers are now tilting
towards investigating the potential of agricultural wastes
such as bamboo leaf ash, rice hush ask, palm oil fuel ash,
and sugarcane bagasse ash in influencing concrete’s dura-
bility and mechanical properties [30].

Studied how bamboo leaf ash affects concrete’s mechan-
ical properties [31]. They found that the incorporation of
bamboo leaf ash makes concrete more impermeable, thus
reducing water absorption. However, an increase in the
replacement level of bamboo leaf ash in concrete led to a
decrease in the compressive and tensile splitting strengths
of the concrete. Although the optimum replacement level of

bamboo leaf ash in the concrete is 10% when compressive
strength is considered while it is 20% for tensile splitting
strength. Bamboo leaf ash also influences the setting time
and heat development in concrete. The research findings of
[32] pointed out that concrete containing cement-bamboo
leaf ash blends have setting times higher than that of con-
ventional concrete, thereby lowering heat development in
mass concrete.

Likewise, studies have been made to investigate the abil-
ity of rice husk ash to act as a supplementary cementitious
material. Obtained by burning rice husk at 800 °C, its high
silica content and specific surface area contribute to its high
reactivity [30, 33]. Rice husk ash with finer particles have
higher pozzolanic reactivity and are much more potent in
preventing ASR in concrete than those with coarser parti-
cles [34-35]. The partial replacement of cement with fine
rice husk ask makes the concrete mix more impermeable,
thus reducing the percolation of alkalis in the concrete [36].
[2]’s review of literature on how Alkali-silica reaction can
be mitigated in concrete revealed that rice husk ash is more
effective when the replacement level is 40%.

To determine the effectiveness of these pozzolans to in-
hibit Alkali-silica reaction in concrete, it is imperative to
determine the alkali silica reaction of these pozzolans as it
will be of further help in knowing the expansion ability of
each pozzolanic material. This research, therefore, investi-
gated the effect of BLA on ASR.

2. MATERIALS AND METHODS

Materials used in this research are BLA, clean water
for mixing and curing, Ordinary Portland Cement (Dan-
gote type), granite and sand as coarse and fine aggregate
respectively.

2.1. Raw Materials

Bamboo leaves were collected from the main bamboo
trees and dried. BLA was obtained by burning the dried
bamboo leaves at a temperature of about 600 °C for 1 h
based on the optimum temperature from past researchers
[37]. It was then sieved using a 75 pum sieve to increase the
surface area needed for the reaction.

2.2. Mixing Ratio and Curing Conditions

A mix ratio of 1:2:4 of cement to sand and coarse ag-
gregates respectively was used. The water-cement ratio used
was 0.65. The concrete cubes were cured by immersing
them in clean water at a temperature of 27 °C for a period
of 7, 28 and 56 days.

2.3. Test Methods

Particle size distribution analysis, moisture content
test and specific gravity test were carried out on the sand.
The aggregate crushing value (ACV) test and aggregate
impact value (AIV) test were carried out on granite. X-ray
diffraction analysis and X-ray fluorescence analysis were
performed to determine the chemical composition and
pozzolanic reactivity of BLA. Compressive strength and
accelerated mortar-bar tests were performed on concrete
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samples to determine the strength of concrete and the
potential alkali-silica reactivity of aggregates respective-
ly. Cement was partially replaced by BLA in levels of 0%,
5%, 10%, 15%, 20% and 25% respectively by weight. For
each percentage replacement, three concrete cubic spec-
imens were produced.

2.3.1. Test Methods Applied to Aggregates

Particle size distribution analysis: Sieve analysis to
assess the distribution of the particle sizes of the soil sam-
ple was performed per [38]. A quantity of soil sample was
weighed and dried in the oven at a temperature of about
110 °C. The dried sample was poured into a set of sieves.
The sieve at the top has the largest mesh size and each lower
sieve in the column has a smaller mesh size than the one
above it. At the base of the column was a round pan used
to collect particles with sizes lesser than 75 um. This set of
sieves was manually shaken for some minutes. The sample
retained on each sieve was weighed after the shaking was
completed. The percentage passing and the percentage re-
tained on each sieve were calculated. The outcomes were
presented as a graph of percentage passing against the sieve
size on a semi-logarithmic graph.

Moisture content test: The moisture content test was
carried out in accordance with [39] to determine the total
amount of water present in the soil sample.

A container and its lid were clean, dried and weighed
(M1). A portion of the test portion was placed in the con-
tainer and then weighed (M2). This was heated at a steady
temperature of about 110 °C in the oven for a duration of
16 to 24 h. The container was then taken out of the oven, al-
lowed to cool, and weighed once more (M3). The moisture
content of the sample was calculated as:

Moisture content = A}:’éjﬁ x 100%

Specific gravity test: Specific gravity gives the ratio of
the mass of the soil to the mass of the standard reference,
which is water.

Three density bottles with stoppers were cleaned, dried,
and weighed. Their masses were recorded as W1. Small
amounts of oven-dried soil samples were put into the bot-
tles and their weights were taken and recorded as W2. The
bottles were then completely filled with water and left for 24
h. After this, their weights were taken and recorded as W3.
The bottles were emptied, thoroughly cleaned and filled
with water. The weights were taken and recorded as W4.

The specific gravity of the soil sample was calculated as:

The specific gravity of soil = m

Aggregate crushing value test: To assess the aggregate's
resistance to crushing under a gradually applied compres-
sive load, the aggregate crushing value test was performed
in accordance with [40].

12 mm aggregates were dried in an oven for about 4 h at
a temperature of 110 °C. Three equal layers of the specimen
were placed within the cylinder, and each layer received 25
tamping strokes from the tamping rod. The plunger was in-
serted so that it rested horizontally on the levelled surface of
the aggregate. The apparatus was placed inside the universal
testing machine along with the test specimen and plunger.

The specimen was loaded at a uniform rate till the aggre-
gates were crushed. The load was removed and the crushed
material was poured on a clean tray of known mass. The
weight of the tray and the aggregate were measured and re-
corded as M1. The whole specimen on the tray was sieved
on the 2.36 mm test sieve and the weight of the fractions
that passed through the sieve was recorded as M2. The ag-
gregate crushing value was calculated as:

ACV = % x 100%

Aggregate impact value test: The aggregate impact val-
ue test was carried out in accordance with [41] to determine
the aggregate’s resistance to sudden impact.

Aggregates of size 12 mm sieve were oven-dried at a
temperature of about 110 °C for 4 h and cooled before test-
ing. The aggregates were placed inside the steel cup and then
compacted by applying twenty-five strokes of the tamping
rod to it. The steel cup was fixed to the base of the impact
testing machine and the hammer, which is at a position 380
mm above the upper surface of the cup, was made to fall
freely on the aggregates 15 times. The crushed aggregate
was poured on a clean tray of known mass. The weight of
the tray and the aggregate were measured and recorded as
MI. The whole specimen on the tray was sieved on the 2.36
mm test sieve and the weight of the fractions that passed
through the sieve was recorded as M2.

The aggregate impact value was calculated as:

AIV =22 ¥ 100%

2.1.2. Test Methods Applied to Bamboo Leaf Ash

X-ray diffraction analysis: The structural characteriza-
tion of BLA was determined using an X-ray powder diffrac-
tometer. In a cathode ray tube, X-rays were produced, colli-
mated, and directed at the sample. Every crystal has atoms
that are arranged in a periodic arrangement, which allows
them to diffract light. The arrangement of these atoms in
the sample is revealed by the diffraction pattern that is cre-
ated when X-rays are scattered from these atoms. The X-ray
detector captured the reflected X-rays' strength. When the
geometry of the incident X-rays colliding with the sample
fulfils Bragg's equation, constructive interference and peak
in intensity occur. This equation indicates the relationship
between the diffraction angle, lattice spacing and wave-
length of the electromagnetic radiation. The diffraction
pattern produced by the diffractometer is compared with
standard patterns to identify the crystalline form of BLA.

X-ray fluorescence analysis: The chemical and ele-
mental composition of BLA was examined using an en-
ergy dispersive X-ray fluorescence spectrometer. BLA
placed in an appropriate sample tray was exposed to
high-energy X-rays from a controlled X-ray tube, which
resulted in the emission of distinctive secondary X-rays.
The detector selected these distinctive X-rays and pro-
duced a spectrum, which serves as a visual depiction of
the sample's composition. This allowed for the determi-
nation of the sample's elemental analysis and oxide com-
position, which were then printed.
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2.1.3. Test Methods Applied to Bamboo Leaf

Ash-Based Concrete

Compressive strength test: Compressive strength of
concrete is the ability of concrete to support loads on its
surface without crack or deflection. It is dependent on the
quality of concrete material, strength of Portland cement,
water-cement ratio, etc. This test can either be carried out
in a cube or a cylinder.

Concrete specimens of 150 mm x 150 mm x 150 mm
sizes were produced by replacing cement partially with
BLA at 5%, 10%, 15%, 20% and 25% levels. The specimens
were cured for 7, 28 and 56 days” duration at a temperature
of 27 °C. The compressive strength was carried out in con-
formity with [42].

It should be noted that three cubic specimens were pre-
pared for the control specimens and specimens containing
partial replacement of cement.

Potential alkali reactivity of aggregates: This test
method provides a means of detecting the potential of an
aggregate to undergo an ASR within 16 days. The test was
carried out per [43].

Portland cement, sand and granite were mixed in a ra-
tio of 1:2:4 to form mortar. Two test specimens were made
for the control and each cement-BLA combination. Molds
made according to [44] specifications were filled with mor-
tar in two equal layers. After this, the molds were placed in
a moist cabinet or room for the next 24 h. The specimens
were removed from the molds, and the initial comparatory
readings were made. The specimens were then immersed
in tap water inside a storage container, and placed in an
oven at a temperature of about 80 °C for 24 h. After this,
the specimens were removed, dried and the zero readings
were taken. Later, the specimens were immersed in Sodium
Hydroxide inside the storage container. The container was
sealed and placed in an oven at a temperature of 80 °C. Sub-
sequent comparator readings of the specimens were taken
at 7, 28 and 56 days to check for variations in the lengths
of the concrete specimens. The difference between the zero
reading of the specimen and the comparator reading at
each period was calculated and recorded as the expansion
of the specimen for that period.

3. RESULTS AND DISCUSSION

3.1. Properties of Aggregates

The particle size distribution analysis of the soil sample
shown in Figure 2 indicates that the soil sample has a coefhi-
cient of uniformity of 3.33 and a coefficient of curvature of
0.83. This implies that the soil sample is uniformly graded
[45]. Table 1 shows the overall moisture content of the soil
sample to be 8.4%. Since the moisture content is less than
15%, the soil sample is dry soil. The specific gravity of the
soil sample is 2.70 (Table 2) and this indicates that the soil
sample is silt [46].

The aggregate crushing value of granite used as the
coarse aggregate in concrete is 28.6% as shown in Table
3. Since this value is less than the maximum attainable
value of 30%, it shows that coarse aggregate is a good ma-
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Figure 2. Particle size distribution curve for soil sample.

Table 1. Moisture content of soil sample

Sample Sample Sample

1 2 3
Weight of container, M1 (g) 24.8 24.5 25.6
Weight of container+wet soil, M2 (g)  116.0 99.2 110.0
Weight of container+dry soil, M3 (g)  109.2 93.1 103.6
Moisture content (%) 8.1 8.9 8.2
Average moisture content (%) 8.4

Table 2. Specific gravity of soil sample

Sample Sample Sample

1 2 3
Weight of empty bottle, W1 (g) 284.3 292.4 3223
Weight of bottle+dry soil, W2 (g) 299.2 307.1 337.8
Weight of bottle+soil+water, W3 (g)  576.8 571.6 586.7
Weight of bottle+water, W4 (g) 566.4 562.7 578.1
Specific gravity 3.31 2.53 2.25
Average specific gravity 2.70

Table 3. Aggregate crushing value of granite

Aggregate Sample Sample Sample Average
1 (%) 2 (%) 3 (%) (%)

Granite 30.8 28.6 26.5 28.6

Table 4. Aggregate impact value of granite

Aggregate Sample Sample Sample Average
1(%) 2 (%) 3 (%)

Granite 17.9 19.2 21.1 19.4

terial in the production of concrete [40]. Also, the aggre-
gate impact value of granite shown in Table 4 is 19.4%,
showing that the granite is strong and capable of resisting
suddenly applied loads [41, 47].

3.2. Properties of Bamboo Leaf Ash

The X-ray diffraction analysis of BLA shown in Figure 3
shows that the minerals in BLA are tridymite (a stable form
of Si0,), graphite, garnet (a silicate mineral), illite, lime (cal-
cium oxide), periclase (magnesium mineral) and hanksite.
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Figure 3. A pattern showing the compounds present in BLA and their intensities.

Table 5. Major required oxides of bamboo leaf ash

Constituent Composition (%)
Aluminum oxide (ALO,) 2.96
Calcium oxide (CaO) 16.26
Ferrous oxide (Fe,0,) 3.98
Magnesium oxide (MgO) 0.00
Potassium oxide (K,0) 6.37
Silica (SiO,) 64.81

The result of the X-ray fluorescence analysis of BLA
shown in Table 5 reveals that the combination of Silica
(§i0,), Aluminum Oxide (ALO,) and Iron Oxide (Fe,O,)
present in the BLA is 71.75%. This is greater than 70%, the
minimum required before a material can be considered a
pozzolan. Therefore, BLA is a pozzolan of Class N [48].

3.3. Effects of Bamboo Leaf Ash on the Properties of

Concrete

This section discusses the effect of BLA on the workabil-
ity, compressive strength and linear expansion of concrete.

3.3.1 Workability of Fresh Concrete

The slump values of the concrete presented in Figure
4 show that the fresh concrete has medium workabili-
ty which is typically used for normal reinforced concrete
placed with vibration.
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= 78 82 80
£ 80 70
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8 60
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> 40
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@n

0% 5% 10% 15% 20% 25%

Composition of BLA

Figure 4. Effect of bamboo leaf ash (BLA) on the workabil-
ity of fresh concrete.

3.3.2. Compressive Strength of Concrete

The result in Figure 5 shows the variations in the
compressive strengths of the control concrete and each
bamboo leaf ash-based concrete. The strength of the
control specimen has attained 59.5% of the 28-day ex-
pected concrete strength after 7 days of curing while
that of 5% BLA-based concrete has attained 46.5% of
the 28-day expected concrete strength. Reduction in
strength was recorded as the percentage replacement of
BLA increases. This is an indication of a lower hydra-
tion rate of BLA concrete samples. The same trend was
recorded for 28-day and 56-day compressive strengths
of the concrete.

In conclusion, the incorporation of BLA has a nega-
tive impact on the compressive strength of the concrete.
The general overview shown in Figure 5, indicates that
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Figure 5. A graph showing the comparison of the average compressive strengths of concrete at 7, 28 and 56 days against

the composition of BLA in cement.
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Figure 6. A graph showing the comparison of the zero readings and Length of concrete bars on day 16.

concrete specimens with cement-BLA combinations
have lesser strengths when compared to the control
specimens i.e. the conventional concrete. This corrobo-
rated the study of [49] which establishes that concretes
containing natural pozzolans have lower strengths when
compared with conventional concretes.

3.3.3. Linear Expansion of the Concrete Bar

The initial reading of each concrete bar is approx-
imately 255 mm and Figure 6 shows a comparison be-
tween the zero readings and the length of concrete bars
after being placed in Sodium Hydroxide solution at a
temperature of 80 °C. There was no difference in the
length of the bars after the zero readings were taken and
after 16 days of being immersed in sodium hydroxide
solution. From this, it can be deduced that the incorpo-
ration of BLA in concrete causes the concrete to be at
low risk of deleterious expansion when used under field
conditions [43].

3.4. Comparison of the Study with Previous Studies
The findings of this study, regarding the silica con-
tent, workability, and compressive strength of the con-
crete, including the optimal content value of bamboo

leaf ash are compared with those obtained in previous
studies shown in Table 6.

The silica content of the bamboo leaf ash used in this
study was 64.8% and this value is less than the ones ob-
tained in five studies. This difference can be attributed
to possible inconsistencies in the temperature at which
bamboo leaves were calcined. The study of [50] estab-
lished a correlation between the suitability of calcining
temperature of BLA and the silicon oxide content.

Based on past literatures, bamboo leaf ash causes a
decrease in the workability of concrete. The increase
in workability of BLA-cement blend concrete against
the control concrete can be attributed to the high wa-
ter-cement ratio used in the study. This is consistent
with the research findings of [51] that proved that con-
crete's workability increases with increasing water-ce-
ment ratio.

In conclusion, based on the correlation between this
research and previous research works, it can be deduced
that the incorporation of bamboo leaf ash in concrete
reduces the compressive strength of concrete. However,
in construction works where durability and sustainabil-
ity are the main focus, and not compressive strength, 5
to 10% of cement can be replaced with bamboo leaf ash.
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Table 6. Effects of bamboo leaf ash on concrete in past literatures

Authors Silica content (%)

Compressive strength (N/mm?)

Slump value (mm) Optimal value (%)

(37] 53.00 Concrete with BLA-cement blend has higher strength - 8
than that of control.
[50] 72.81 There was a decrease in the strength of BLA-cement - 5
concrete as the proportion of BLA increases. However,
the strength of BLA-cement concrete at optimum value
for BLA was higher than that of the control concrete
after 56 days of curing.
[52] 75.69 Reduction in compressive strength of BLA-cement blend Reduction of 5
concrete with increasing concentration of BLA. workability by 5.5%.
(53] 75.90 Reduction in compressive strength of BLA-cement blend Increase in the BLA 10
concrete with increasing concentration of BLA. content in concrete
leads to decrease in
workability.
[54] 65.66 An increase in the content of BLA led to a decrease of  There was a decrease 5-10
the compressive strength of BLA-cement blend concrete. in concrete's
workability as the
proportion of BLA
increased.
[55] 72.78 There was a decrease in the compressive strength of The higher the 5
BLA-cement blend concrete with an increase in the proportion of
concentration of BLA. BLA in concrete,
the lower the
workability.
[56] 75.10 Reduction in compressive strength of BLA-cement Increase in the 10

blend concrete with increasing concentration of BLA,

especially at early ages.

concentration of
BLA causes increase

in workability.

4. CONCLUSION AND RECOMMENDATIONS

Based on the findings of this research, the following
conclusions can be derived;

a. Bamboo leaf ash can be used in construction (especial-
ly weak concrete zones like German floors or blinding)
where high concrete strength is not a priority.

b. The use of bamboo leaves in the production of bamboo
leaf ash is a means to reduce waste in the environment.

c. Bamboo leaf ash has no detrimental effect on the linear
expansion of concrete. Concretes containing BLA are at
low risk of expansion caused by ASR if they are to be
used in real construction.

This research recommends that to achieve optimum
strength in concrete, a five per cent partial replacement
of cement with BLA should be used. Also, the use of lo-
cally-available materials should be encouraged in the Ni-
gerian construction industry to promote environmental
sustainability.
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